The aim of this study was to determine which human immunodeficiency virus type 1 (HIV-1) subtypes were circulating in Australia and to correlate the subtypes with risk factors associated with the acquisition of HIV-1 infection. DNA was extracted from peripheral blood mononuclear cells, and HIV-1 env genes were amplified and subtyped using heteroduplex mobility analysis, with selected samples sequenced and phylogenetic analysis performed. The HIV-1 env subtypes were determined for 141 samples, of which 40 were from female patients and 101 were from male patients; 13 samples were from children. Forty-seven patients were infected by homosexual or bisexual contact, 46 were infected through heterosexual contact, 21 were infected from injecting drug use (IDU), 13 were infected by vertical transmission, 8 were infected from nosocomial exposure, and 6 were infected by other modes of transmission, including exposure to blood products, ritualistic practices, and two cases of intrafamilial transmission. Five subtypes were detected; B (n ‫؍‬ 104), A (n ‫؍‬ 5), C (n ‫؍‬ 17), E (CRF01_AE; n ‫؍‬ 13), and G (n ‫؍‬ 2). Subtype B predominated in HIV-1 acquired homosexually (94% of cases) and by IDU (100%), whereas non-subtype B infections were mostly seen in heterosexually (57%) or vertically (22%) acquired HIV-1 infections and were usually imported from Africa and Asia. Subtype B strains of group M viruses predominate in Australia in HIV-1 transmitted by homosexual or bisexual contact and IDU. However, non-B subtypes have been introduced, mostly acquired via heterosexual contact.
Human immunodeficiency virus (HIV) is characterized by a high degree of genetic variation and recombination. Based on phylogenetic analysis of env sequences, HIV type 1 (HIV-1) strains have been divided into three major groups: the M, or Main, group; the O, or Outlier, group; and the recently described N group (non-M, non-O) (10, 13, 19, 22, 31, 37, 40) . The M group is further divided into at least 11 genetic subtypes, or clades (A to K), and 10 recombinant viruses, or circulating recombinant forms (CRF) (26) . Numerous studies have shown that multiple subtypes of HIV-1 circulate both globally and locally (4, 12, 16, 23, 29, 36, 45, 48) . Loose geographic clustering of HIV-1 env subtypes was apparent early in the HIV-1 pandemic, where HIV-1 subtypes were often limited to specific geographic regions or risk groups (4, 5, 23, 28, 35, 42 ; C. Williamson, S. Engelbrecht, M. Lambrick, E. J. van Rensburg, R. Wood, W. Bredell, and A. L. Williamson, Letter, Lancet 346:782, 1995). However, international travel, war, urbanization, and population migration, among other factors, have made these boundaries less obvious. As a consequence, diverse env subtypes and recombinant viruses are being found in previously homogenous backgrounds, such as the United States (2, 6, 8, 9, 20, 34, 44) , obscuring the previous regional compartmentalization of subtypes.
HIV-AIDS was first described in Australia in the homosexual-bisexual population in the early 1980s. As of the end of 2001, 21,725 HIV infections and 8,810 cases of AIDS had been reported, although the overall prevalence remains low, with a national infection rate in the nonindigenous population of 5.51/100,000. The majority of infections are associated with homosexual-bisexual contact (78%), with smaller proportions associated with heterosexual contact (11%) and injecting drug use (IDU) (5%, plus another 4% also with homosexual-bisexual contact). As a consequence, more men (94%) than women (6%) are infected with HIV-1 in Australia (32) .
Since the majority of HIV-1 infections in Australia occur in the homosexual-bisexual population, the predominant HIV-1 subtype is thought to be subtype B, especially as this subtype is predominant in North America, Europe, and neighboring Papua New Guinea and New Zealand (1, 14, 15, 17) . However, HIV infection rates in other countries in the Asia-Pacific region (Thailand, Cambodia, Myanmar, India, and southern China, among others) continue to increase, and the incidence of non-B subtypes in these countries is high (21, 42, 45, 48) . There are increasing numbers of people traveling abroad for pleasure, military deployment, and employment and increasing numbers of individuals entering Australia from other countries via immigration or repatriation or as refugees. Therefore, the possibility of non-B subtypes entering Australia is substantial. To address the paucity of data on HIV-1 genetic diversity in Australia, an assessment of HIV-1 group M subtypes circulating in Australia was made, correlating the circulating subtypes with risk factors for the acquisition of HIV-1 infection.
(This study was presented in part at the Seventh Conference on Retroviruses and Opportunistic Infections, San Francisco, Calif., 2000.)
MATERIALS AND METHODS
Patient samples. Samples were randomly selected from 141 patients presenting between 1993 and 2002 to Westmead Hospital, the Parramatta Sexual Health Clinic, the New Children's Hospital at Westmead, and other local and interstate clinics. Epidemiological data collected included the country of origin of the infection, clinical stage of disease, sex of the patient, and risk factor for acquisition of HIV-1. One hundred and one (72%) samples were from males, and 40 (28%) were from females; 13 were from children. Risk factors associated with the acquisition of HIV are listed in Table 1 . The study included 55 patients who acquired HIV-1 overseas and nine pairs of epidemiologically linked individuals. The latter group included two unrelated cohorts in which the index case acquired HIV-1 heterosexually but the mode of transmission to the linked family member remained unestablished (18) .
DNA preparation and amplification, HMA, and sequencing. DNA was extracted from peripheral blood mononuclear cells using either cell lysis (38) or the QIAamp DNA Blood Mini Kit (Qiagen, Clifton Hill, Victoria, Australia). Envelope gene sequences (V1 to V5 or V3 to V5; primer sets ED5-ED12 and ES7-ES8, respectively) were amplified from proviral DNA using nested PCR (11, 12) . Amplified fragments (V3 to V5; ES7-ES8) were then used for subtyping analysis by heteroduplex mobility analysis (HMA) as previously described (11) . Amplified fragments (ES7-ES8; length, 703 bp) from samples identified by HMA as non-B subtypes (n ϭ 26) were sequenced to confirm the subtype assignment by HMA. In 37 cases, a 284-bp fragment spanning the V3 loop of the envelope gene was generated using nested PCR (external primers (46, 47) . As these 37 sequences were all subtype B on phylogenetic analysis, HMA was not performed.
Phylogenetic analysis. Nucleotide sequences of 415 bp were aligned with consensus and reference sequences (obtained from the HIV Sequence Database at http://hiv-web.lanl.gov) from each HIV-1 subtype, including a consensus subtype O sequence. The reference sequences used in alignments (and their origins) included IBNG (Nigeria), SF170 (Rwanda), RW20 (Rwanda), AF082486 (Ukraine), U93665 (Ukraine), and U93611 (Russia) for subtype A; JRFL (United States), TH14 (Thailand), and SF162 (United States) for subtype B; BR025 (Brazil), MW959 (Malawi), and ZAM18A (Zambia) for subtype C; TH06 (Thailand), TH22 (Thailand), HIVU48278 (Uruguay), and CM240 (Thailand) for CRF01_AE; pBLV (Gabon) and RU131 (Russia) for subtype G; and BFP90 (Burkina Faso) for CRF06_cpx. Methods described by Learn et al. were followed to exclude possible sample contamination (27) . Multiple sequence alignments were generated using CLUSTAL W (43) . A neighbor-joining phylogenetic tree was constructed using a maximum-likelihood distance model. One hundred bootstrap replications were performed for each data set.
Nucleotide sequence accession numbers. The GenBank accession numbers for the sequences discussed are AF400076 to AF400088 and AY081962 to AY081972.
RESULTS
A total of 141 samples were collected from 109 HIV-1-seropositive individuals and 32 people with AIDS, PCR amplified, and subtyped by HMA (Table 1) . Forty-seven patients (33%) acquired HIV-1 through homosexual or bisexual contact, 46 (33%) acquired it through heterosexual contact, 21 (15%) acquired it from IDU, 13 (9%) acquired it by vertical transmission, 8 (6%) acquired it from nosocomial exposureincluding four cases of transmission in a doctor's surgery in Australia (N. K. Saksena, J. Z. Song, D. E. Dwyer, and A. L. Cunningham, Abstr. Sixth Conference on Retroviruses and Opportunistic Infections, abstr. 280, 1999)-and 6 (4%) acquired it by other means, including blood products, ritualistic practices, and other family members. Six cases of transmission between heterosexual partners, one between homosexual partners, and two between IDU partners were identified. All pediatric cases were in babies born to HIV-1-infected mothers.
Five subtypes were detected, subtypes B, A, C, E, and G (Table 1) , with the majority being subtype B (104 of 141; 74%). Subtype B was predominantly seen in homosexual-bisexual men (44 of 47; 93.6%), 91% of whom (40 of 44) acquired it in Australia. Injecting drug users were exclusively infected with subtype B, with all but one case acquired locally. In contrast, subtype B was detected in only 43% of heterosexually transmitted cases (20 of 46), and only 8 of the 20 (40%) were acquired locally. Seven of the nine (78%) vertically acquired cases of subtype B infection originated in Australia, and two were from Asia. Nineteen cases (18%) of subtype B infection were acquired overseas, in Asia (Thailand, Hong Kong, and Cambodia), the United States, South America, and Europe (mainly the United Kingdom) by homosexual-bisexual contact (4 cases), heterosexual contact (12 cases), vertical transmission (2 cases), and IDU (1 case).
Thirty-seven non-subtype B viruses were detected by HMA; subtype A (5 viruses), subtype C (17 viruses), subtype E (13 viruses), and subtype G (2 viruses). All non-B infections were acquired overseas or by direct contact with a foreign national within Australia, or vertically. Most non-B infections (34 of 37; (Fig.  1) . Intrasubtype genetic distances between the consensus and test sequences varied depending on the origin of infection. For instance, the two Indian subtype C sequences were phylogenetically distinct from African subtype C sequences, and the Cambodian E sequence was most similar to a CRF01_AE sequence from a Uruguayan peacekeeper who had been deployed in Cambodia. The subtype G sequences from Burkina Faso were from a heterosexual couple and have been further identified as an A/G/J recombinant or CRF, CRF06_cpx (33) . V3 loop peptide sequences were deduced from all nucleotide sequences, and analysis of subtype B V3 loop nucleotide and peptide sequences did not confirm any epidemiological linkage or presence of "founder" viruses in the various patient groups (data not shown). The commonest V3 loop tetrapeptide observed was GPGR. The subtype BЈ tetrapeptide motif GPGQ, commonly observed in injecting drug users in Bangkok (3, 42), was not seen in the four subtype B sequences generated from individuals who reported acquiring HIV-1 infection in Thailand or the other eight subtype B infections acquired elsewhere in Asia.
DISCUSSION
The data confirm that subtype B is the predominant HIV-1 subtype circulating in Australia, as it was detected in almost all samples from homosexual-bisexual men, injecting drug users, cases acquired nosocomially, and recipients of blood products. Most subtype B infections acquired through heterosexual contact were imported from countries where subtype B is also prevalent, including the United States, the United Kingdom, and Thailand. Evidence of founder viruses and unique sequence differences between risk groups, particularly homosexual men and injecting drug users, have been demonstrated in other populations (24, 25, 41) but were not seen in this study.
In contrast, infections in the group with heterosexually acquired infections were predominantly non-B subtypes. They were usually found in individuals who had acquired HIV-1 overseas from various regions in Africa, Asia, and Eastern Europe or whose partner or mother had HIV-1 contact overseas. Australia's near neighbors, New Zealand and Papua New Guinea, also have predominantly subtype B viruses circulating, although subtype C has been detected in New Zealanders infected heterosexually from Africans (14, 15) . Non-B subtype viruses will continue to be seen in Australia, as the incidence of heterosexually acquired HIV-1 is increasing in those who report sexual contact overseas and in indigenous Australians sexually acquired HIV-1 were for individuals (or their partners) from high-prevalence countries (30) . Although the heterosexual population in Australia may not consider themselves as at risk of acquiring HIV-1, appropriate public health initiatives that target these groups may need review. These initiatives would need not only to educate individuals about the risks of acquiring HIV-1, particularly following sexual contact overseas, but to ensure that ongoing transmission to other partners or groups (who may also regard themselves as low risk) does not occur. The presence of multiple HIV-1 subtypes in Australia also has implications for local vaccine development, use of commercial viral-load assays, and antiretroviral drug resistance genotyping (7, 49) . Molecular surveillance of HIV subtypes in newly acquired cases of HIV-1 in Australia should be continued to monitor the emergence of new strains. The availability of antiretroviral drug resistance genotyping allows such monitoring (49) , although non-subtype B viruses may circulate in risk groups or regions where such services are not accessible. As the various drug resistance databases contain predominantly subtype B sequences, non-subtype B viruses identified by such systems should be confirmed by HMA or sequencing of other regions of the HIV-1 genome. Surveillance in neighboring regions (for example, in Papua New Guinea and Indonesia, where explosive epidemics are under way, and in East Timor, where there has been significant societal disruption) is also needed to identify emerging epidemics and to ensure that appropriate public health interventions are implemented.
